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Introduction
The revised Tannin-Osmium 6 (~urakami) and
the modified
thiocarbohydrazide
(OTO) techniques are frequently
used to prepare cochlear tissues For evaluation
by scanning
electron
microscopy (SEM). The Murakami method takes less time,
but the OTO method facilitates
subsequent
evaluation
with the transmission
electron microscope
(TEM).
With either method the basilar membrane may
curl during critical
point drying
(personal
communication,
I. Hunter-Duvar and D.J. Lim). IF the
basilar membrane curls down toward the scala
tympani,
the hair
cells
usually can be evaluated.
However, if the curling
occurs
in the opposite
direction,
towards
scala
vestibuli,
the lateral
margin of the basilar
membrane hides
the hair
cells
from view making it impossible to evaluate
them.
There are reports of successful
attempts to
uncurl small areas
of specimens
processed
with
methods similar to that of Murakami (personal communication,
D.J. Lim and B. Engstrom),
but the
brittle
nature
of OTO-processed tissue prohibits
this. Due to curling
difficulties,
laboratories
have developed other procedures.
Soudijn developed a technique for SEM evaluation of the cochlea which involves
drilling
and
removi~g the otic
capsule
after critical
point
drying . Although the goal of Soudijn's
technique was to avoid removing the individual
cochlear
turns, his procedure should
also
reduce curling
since
the basilar
membrane is securely fixed at
the medial and lateral
margins
during
critical
point
drying. However, the upper turns may interfere with the assessment of the lower turn morphology,
and manipulating
cochlear tissue after critical point drying increases
the probability
of
dissection
artefacts.
The SEM photographs of OTO-processed cochleas
published
by Hunter-Duvar 3 • 4 are quite impressive and show no curling problems. However, because he examined only the basal half of the cochlea,
he was able to leave
the bony labyrinth
intact
where the spiral
ligament
and basilar
membrane
were attached.
With the basilar
membrane anchored
to the bone via the spiral ligament,
it did not
curl during critical
point drying. The absence
of
the apical parts of the cochlea facilitated
orientation of the specimen for photography and evaluation. Although Hunter-Duvar stated that the apical

Scanning electron microscopy (SEM) permits a
three-dimensional
study of the surface
morphology
of the organ of Corti that is very useful in evaluating the condition of the apical
end of the
hair cells and the stereocilia.
However, some laboratories
have experienced problems with curling of
the basilar membrane during critical
point drying
of cochlear specimens prepared For SEM evaluation
using
the Murakami or osmium thiocarbohydrazideprocedures.
This curling of the basilar
membrane
can obstruct the view of the reticular
lamina and
the ciliary
ends of the hair cells.
We have used a dissection
method, referred
to
as the anchor technique,
to overcome basilar
membrane curling.
This technique
removes all the
structures
above the reticular
lamina but leaves
the basilar membrane attached to the spiral ligament and the lateral
bone to which the spiral
ligament
is anchored.
Individual
cochlear turns
are dissected
in this manner and mounted on the
same examination stub For SEM evaluation.
Maintenance of the lateral
attachment of the
basilar membrane requires
additional
dissection
time but eliminates
the problem of curling during
critical
point drying. An additional
benefit
is
that
mounting the individual
turns on the same
examination stub Facilitates
evaluation
and photomicroscopy of the surface morphology.
The anchor technique has been used successfully on the guinea pig and should be appropriate
for most mammalian cochleas.
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turns
were dissected
in the same manner as the
basal turns, no detailed
description
of the method
or the results
was given, so we do not know whether curling was a problem in the apical turns.
Hunter-Duvar's
success with the basal turn
prompted attempts to develop
a similar
approach
for the upper cochlear turns. The following procedure, or anchor technique,
has eliminated
curling
with the Murakami method and minimized curling with the OTO procedure to the point where it
is not a problem in photomicroscopy or evaluation
of morphology.
Materials

and Methods

To perform the anchor technique dissection,
the following instruments
are necessary (Fig.
1):
1) Curved Derlacki knife (or a 0.5 mm blade), 2)
Fine forceps,
3) Small sturdy
forceps,
4) Iris
scissors,
5) 2 mmdiamond burr, 6) 0.5 mm diamond
burr and 7) Reversible,
variable-speed
drill
(not
shown in Fig.1)
All specimens were fixed
with 2% buffered
glutaraldehyde
and postfixed with 2% osmic acid.
All cochleas were dissected
during dehydration
in
70% alcohol.
With the Murakami method, dissection
can be completed at any stage
before
processing
with
tannic
acid. With the OTOmethod dissection
must be completed
before
the thiocarbohydrazide
stage.
Anchor Technique

20mm

1

Fig. 1. Basic instruments
used for anchor dissection.
From left to right:
curved Derlacki knife,
fine forceps, small forceps,
iris scissors,
2 mm
diamond burr, 0.5 mm diamond burr.
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It is critical
that
the bony labyrinth
be
thinned
before
any attempt is made to remove any
of the cochlear turns. If the bone is too thick,
it
is difficult
to control the direction
in which
the bone breaks as unnecessary
sections
of the
□ tic
capsule
are removed. Figure
2 shows the
cochlea of the guinea pig before (broken line) and
after
(solid
line)
the bony capsule is thinned.
This thinning is done with the 2 mm diamond burr.
Care should
be taken, however, not to remove too
much of the bone lateral
to the junction
of the
scala tympani with the scala vestibuli
of the turn
below (arrow + bracketed areas in Fig.
2).
This
region of bone will form part of the anchoring for
the basilar
membrane.
A small hole is drilled
at the apical end of
the cochlea with the 0.5 mm diamond burr. With the
hole as a starting
point, a small but sturdy pair
of forceps is used to break away the bone covering,
the scala vestibuli
of the apical turn and
most of the lateral
wall of the scala media (Fig.
3a).
This is done until the whole apical turn is
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Fig. 2. Mid-modiolar section through
the cochlea
showing thickness
of □ tic capsule before drilling
(broken line) and after thinning
with a diamond
drill
bit.
Shaded areas
next
to the brackets
support
demarcate the thicker bone that
provides
for the finished specimen.
Fig. 3a. Sturdy forceps used to remove the bony
capsule covering the scala vestibuli
and upper-lateral margin of the spiral ligament.
Fig. 3b. A curved Derlacki knife used to cut away
the upper spiral ligament and stria vascularis
by
"scissoring"
the tissue between the knife and the
bone lateral
to the scala media.
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Fig. 4. A 0.5 mm diamond burr used to drill
away
thebone
covering
the scala vestibuli
and upper
scala media of the lower turn.

Fig.

5. The apical turn composed
lateral
ring of bone with
brane and organ of Corti stretched
between them. A curved Derlacki
perforate
the modiolus in order
controlled
break when the turn
the remainder of the cochlea.

aricJa

The surface of the organ of Corti is now
clearly visible.
The tectorial
membrane is lifted
at its
most apical
end with fine forceps and
stripped away from the apical turn, but it is left
attached
at the upper part of the next turn since
it is easier to make subsequent
removals
of the
tectorial
membrane if
its
free-floating
end is
available.
Working with the free-floating
end also
reduces the likelihood
that the hair cells will be
damaged by the forceps.
A 0.5 mm diamond burr is used to open the
bone lateral
to the scala vestibuli
of the next
turn (Fig. 4). The small sturdy forceps are inserted into the drilled
channel to remove that
part
of the osseous
lateral
wall covering the upper
part of the scala media.
The Derlacki
knife
is
used to remove the stria vascularis
and the upper
portion of the spiral ligament in the same manner
as it was removed from the apical turn. Reissner's
membrane is removed and the tectorial
membrane
lifted
from the turn.
The apical turn is now composed of the modiolus centrally,
a ring of bone laterally,
and the
basilar
membrane with the organ of Corti stretched
between them. The apical turn must now be separated from the rest of the cochlea. It is advantageous to divide the cochlear turns
along a line
from helicotrema
to the junction of the oval and
round windows.
The 0.5 mm diamond burr is used to cut a
notch in the lateral
ring of bone at the point
where the apical turn is to be separated
from the
remainder of the cochlea. Small iris scissors
are
used to make a radial cut in the Organ of Corti at
this point. The turn is prepared
for removal by
using
the Derlacki knife (or a needle) to make a
perforated
ring in the modiolus
above the next
(i.e.,
lower)
turn
(Fig.
5).
The perforations

6

Fig. 6. Scissors (dotted line) aligned in order
cut the apical turn away from the cochlea.

of the modiolus
the basilar
mem(or anchored)
knife is used to
to facilitate
a
is separated
from

to

opened. Repeating this procedure in each turn will
result
in approximately
360° turns and will eventually yield a basal
turn
free
of overhanging
remains from the second turn.
The curved Derlacki knife is used to remove
the stria vascularis
and the superior part of the
spiral
ligament to which it is attached by cutting
the tissue between the knife and the superior edge
of the remaining bone (Fig. 3b).
Care should be
taken
not to remove all the spiral
ligament above
the level of its attachment to the basilar membrane. Removing too much will weaken the junction
between the spiral
ligament and the osseous capsule,
and the objective
of the anchor technique
(i.e.,
maintaining
an attachment
to the lateral
bony labyrinth)
will be undermined. Fine forceps
are used to remove Reissner's
membrane.
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control the manner in which the modiolus
breaks.
Failure
to make them often results
in part of the
lower turn coming off with the turn being removed.
The scissors
are positioned
in such a manner as to
align with the perforations
in the modiolus
(dotted line
in Fig.
6) and to avoid damage to the
lower turn. Once the turn is severed,
it
can be
picked up by the bony ring and placed in the next
processing solution.
Subsequent turns are dissected
in the same
manner. In the basal turn one needs to remove the
material
above the point where the plane of the
basilar membrane intersects
the bony lateral
wall.
Figure
7 shows the middle and apical cochlear
turns when dissection
is complete.
Results
Figures Ba, Bb, and Be show the apical,
one
middle, and the basal
turns
of a guinea
pig
cochlea
dissected
with the anchor technique.
Note
the bony ring (B) to which the spiral ligament (5)
and the organ of Corti (DC) were anchored before
critical
point drying. Since there
are no overhanging
turns, the surface morphology can be examined from either a modiolar (Figs.
9a,9b)
or a
lateral
perspective
(Figs. 1Oa,1Ob).
In 20% of our cochleas artefacts
were noted
but did not interfere
with evaluations
of morphology.
Despite
frequent
solution
changes during
dissection,
debris
was occasionally
noted
(Fig.
11). Critical
point drying caused cracks of both
major (Fig. 12) and minor (Fig. 13) size
between
cells.
Occasionally
dissection
resulted
in dislocation of part of the organ of Corti (Fig. 14).
Problematic artefact
was found in about 5% of
our specimens. One was that the view of the organ
of Corti
could be obstructed
if the spiral ligament was not trimmed close enough to its
junction
with the basilar
membrane, or pulled away and curled up over the organ of Corti (* in Fig.
Ba) or
if the tectorial
membrane was not completely remo-

Fig. 8. The apical turn (a), one middle
andthe
basal turn (c) of a guinea pig.
of Corti (OC) and the spiral
ligament
anchored
to the bony ring (B) before the
point drying. Note in the apical
turn
spiral ligament is not trimmed enough at
end. (*)

Fig. 7. Apical (a) and middle (m) turns of a left
guinea pig cochlea that have been dissected
using
the anchor technique.
The turns are glued to an
aluminium stub. They lie in roughly the same plane, which facilitates
photo microscopy and permits
optimal working distance with the microscope.
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(b)
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the basal
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Fig. 9. A middle turn
TaTlow magnification,

Fig. 11. Occasionally
of Corti.

Fig. 10. A middle turn from lateral
view in
low magnification,
and (b) high magnification.

from modiolar perspective
in
and (b) high magnification.

debris

Fig. 12. Major radial cracks
after critical
point drying.

is found on the organ
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Fig. 16. A guinea pig cochlea with all
turns
in
place
and with only parts of the spiral ligament
(S) removed. The apical turn restricts
the view of
the curled
middle turn below. Also, part of the
apical turn is difficult
to examine because of
curling of the spiral ligament and basilar
membrane.
ved (Fig. 15). The other source
of the artefact
that
limited morphologic evaluation
was dissector
error (Fig 14, arrow). Damage to hair
cells
when
the organ of Corti was radially
cut did not exceed
three cells per row.
Before adopting the anchor technique,
we
tried other approaches to minimize curling of the
basilar
membrane. In one of these procedures we
used Murakami's method in which the dissection
procedure
leaves
all the cochlea turns in place.
When the spiral ligament was left
in place
and
trimmed down to the level of the basilar
membrane,
curling inward of the spiral
ligament and basilar
membrane obstructed
the view of the organ of Corti
in the apical and middle turns (Fig. 16). With the
same dissection
technique but using OTO, the spiral ligament
still,
curled
inward (Figs.
17a,
17b).
When the spiral
ligament
was removed in
cochleas prepared by Murakami's method (Fig. 18a),
the upper turns restricted
the view of the reticular lamina of the lower turns
and the basilar
membrane curled inward (Fig. 18b), which seriously
limited the view of the organ of Corti.
Another approach to reduce curling of the
basilar membrane was made by drilling
away the
bone of the scala
vestibuli
and scala
media
without removing the individual
turns
(Fig.
19).
The result with the guinea pig was that the basilar membrane remained flat,
but the bony ring from
the turn above often made it difficult
to evaluate
the cells because it seriously
restricted
the angle for viewing and photographing
them.
Fig.

13. Small cracks

between the hair

cells.

Fig. 14. Major cracks (C) and dislocation
part
of the organ of Corti. Some dissector
in this middle turn (arrow).

Discussion
of a
errors

Using the anchor technique,
we detected dissection artefacts
in approximately
20% of our
cochleas,
but morphologic
evaluation
was still
possible in 95% of the cochleas.
Less than 5% of
specimens exhibited
areas of artefact
that
precluded
accurate
morphologic evaluation.
With the
Murakami method and when we analyzed
the whole

Fig. 15. In this
apical
turn of a guinea pig
cochlea the tectorial
membrane (TM) is not completely removed.
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Fig. 17. A guinea pig cochlea processed
with OTO
(a). The two middle turns (MT) are both curled too
much for satisfactory
examination.
In (b) one
middle turn. Examination of all of the hair cells
is not possible as the turn
above restricts
the
view.

Fig. 18. All of the spiral
ligament
is removed,
but all
turns
are in place (a). The upper turns
restrict
the view of the hair cells of the lower
turns
(b).
The middle turns are curled inwards
(b).

cochlea
with all
turns in place the view was so
obstructed
that only the basal (Fig. 18) and sometimes the apical turns (Fig. 20) could be investigated. In several cochleas
curling
of the most
basal
of the middle turns was within tolerable
limits if the spiral
ligament
was not removed
(Fig.
16).
With the OTOmethod and with the same
dissection
technique with all turns in place,
the
view of the reticular
lamina of the two middle
turns (Fig. 17a) and often the apical
turn
(Fig.
21) was obstructed
by upward curling of the spiral
ligament and the basilar
membrane. Thus, both the
middle turns
and the apical turn need to be dissected with the anchor technique to prevent
curling.
Both large and small cracks caused by critical point drying seemed to occur more often
with
Fig. 19. Guinea pig cochlea drilled
in the manner
of the anchor technique without removing the 1nd1vidual turns.
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Fig. 20. The upper turn
the
anchor technique
method.

dissected
without
using
and using
the Murakami

Fig. 21. The apical turn dissected
without
using
the anchor
technique
but using OTO. Because of
curling of the organ of Corti, it is difficult
to
examine all hair cells (*).
the anchor technique than with techniques in which
both the bony ring and the spiral
ligament
were
removed. A shrinkage of about 20% may be an inevitable consequence of the critical
point
drying.
The techniques used will then "determine" the type
of shrinkage.
Removing the bone and spiral
ligament results
in more curling and less cracking,
whereas the anchor technique
causes
more cracks
and less curling.
Since the area of the basal turn
is larger,
this could cause a higher proportion of
large
cracks,
whereas small cracks would be more
abundant in the apical turns. This difference
is
particularly
obvious
in
igure
19. This is in
agreement with Hur,ter-Duvar
who described
large
cracks, which however, ylso may be caused by using
the OTO-method. Bohne's
description
of lesions
in the reticular
lamina does not resemble the
minor cracks in our preparations.
Since our purpose was primarily
to evaluate the stereocilia
we
therefore
found the anchor
technique
to better
suit our intentions.
Because of the drilling,
bone dust was more
common with the anchor technique,
but it
did not
cause any major evaluation
problems (Fig. 11).
Since the anchor technique,
unlike
other
dissection
techniques
we tried,
includes cutting the
organ of Corti, some but very few hair
cells
are
lost.
With Soudijn's
technique,
cutting
the cochlea
into separate sections
is avoidedf
however, with
this
procedure the upper turns may interfere
with
the evaluation
of lower turn morphology. The difficulty
of removing undesired tissue without damaging the organ of Corti
after
critical
point
drying
is probably another reason this technique
has limited use. The individually
mounted turns
produced
with the anchor technique do not require
manipulation
of the tissue
after
critical
point
drying.
Compared to the other techniques we have
tried,
including
the Soudijn's
technique,
the
anchor technique seems to cause less serious artefacts.
Another benefit of the anchor technique is
that several turns can be mounted on the same specimen stub and will lie in approximately
the same
plane
(Fig.
7).
This permits
optimal
working
distance with the scanning electron microscope and
allows viewing of several turns without having to
replace
stubs
and wait
for the microscope to
re-establish
its vacuum. Photography is also simplified
because there are no structures
overhanging
the area being photographed.
If the spiral
ligament had curled
inward, this technique offers a
possibility
of tilting
the specimen and "looking
beneath" the spiral ligament.
The basal tip or "hook area" presents a special problem for SEM evaluation
because
of its
almost
perpendicular
orientation
relative
to the
other turns. We did not evaluate
this
area routinely
because
our auditory sensitivity
measures

4

Fig. 22. The hook area in a critical
point-dried
guinea pig cochlea. Several major radial cracks in
the organ of Corti (C).
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and the correlated
hair cell
morphology occurred
apical
of the hook region. Although we attempted
to examine the hook area on a few cochleas, we had
limited
success
because the membranous labyrinth
was very fragile
(Fig. 22).
The anchor technique has be n successfully
used on guinea pigs, chinchillas
, and cats.
It
should be equally appropriate
for other mammalian
cochleas.
It requires additional
dissection
time,
but once mastered, it yields results
that justify
the effort since
a complete
evaluation
of the
structures
of the reticular
lamina is possible
from the lateral
or modiolar
side.
We recommend
this technique when quantification
of cochlea surface morphology is required.

Discussion

Reviewer I: Have specimens prepared by the anchor
technique
ever been subsequently
examined by TEM?
If so what was the quality of the results?
Authors:
None of our specimens have undergone TEM
evaluation.
Since our tissue was prepared using
either the OTO or Murakami method, we would expect
the quality of our tissue to be comparable to that
of other
labs
using
these
methods.
However,
attempting
to remove the bony ring and spiral
ligament from the unembedded dried
tissue
will
probably result
in dissection
artefact.

2

Reviewer I: How much artefact
occurs at the cut
edges of the DC? Are quantitative
data collected
on specimens prepared in this fashion?
Authors:
Light microscopic evaluation
of practice
cochleas
before
and after scissor cuts revealed
that fewer than three hair cells per row are lost
(Nilsson
et al 1985) 7 . Using this technique,
we
have made both quantitative
and qualitative
measures of noise-exposed
cochleas (with the exception
of the hook) and are preparing
the results
for
publication.

Acknowledgements
The authors wish to thank Professor
Nils G.
Toremalm, for
his
advice
and comments on the
manuscript.
Thanks also
are extended to Bertil
Frank, Ingela Nilsson, and Birgitta
Takolander for
assistance
with the figures
and typing, to Dr.
Helen Sheppard and Dr. Bengt Erlandsson
for conducting
the animal noise
exposures
and
to
Patricia
Cornett for correcting
the English.
Work was initiated
on the anchor technique
while the second author was an NIH postdoctoral
fellow
with professor
David J. Lim,
at
Ohio
State Univ., Columbus, Ohio, USA.
Support for this project came from the Swedish Work Environment Fund (grant no. 83-0275).

Reviewer IV: The method includes increased
drilling
and dissection
of the cochlea and also exposure of the opened coils for bone dust. How do you
deal with that? How do you remove the bone dust?
Authors:
Frequent changes of the specimen bath
are made during
drilling
to limit the amount of
bone dust. Most of the heavy drilling
is done with
the otic capsule closed (Fig. 2) so that the bone
dust is not able to enter
the scala
media.
The
light
drilling
is done mostly with Reissner's
membrane intact
(Fig. 4). The layer of bone dust
is flushed
from Reissner's
membrane before the
membrane is removed. During the drilling
to open
the scala vestibuli
of the lower turn, it is critical that solution changes be made regularly.
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